The risks vs benefits of tricuspid valve (TV) surgery in reoperative patients requiring left-sided valve surgery and moderate-to-severe tricuspid regurgitation is unclear. We compared patients with and without concomitant TV surgery. A total of 200 patients with moderate-to-severe TV regurgitation had reoperative left-sided valve procedures from January 2002 to April 2014; 75 with TV intervention (TVI) and 125 with no tricuspid intervention (TVN). Propensity-matched cohorts of 60 TVI and 60 TVN patients were compared. Outcomes included New York Heart Association class, TV regurgitation and survival. TVI patients were younger (66 Ϯ 15 vs 72 Ϯ 13 years, P o 0.001), had more cardiogenic shock (6 of 75, vs 0 of 125, P o 0.001) and mitral valve surgery (60 of 75 vs 69 of 125, P o 0.001). Propensity matching yielded 60 pairs of TVI cases and TVN controls. Matched groups were comparable in age (TVI ¼ 67 Ϯ 13 vs TVN 68 Ϯ 14 years, P ¼ 0.67), cardiogenic shock (2 vs 0, P ¼ 0.50), and mitral valve surgery (15 each, P ¼ 1.0). Operative mortality was 2 of 60 in TVI vs 10 of 60 TVN (P ¼ 0.27). Median follow-up was 4.4 years. Follow-up rates of New York Heart Association class III-IV were similar (12 of 60 for TVI vs 16 of 60 TVN, P ¼ 0.52). Kaplan-Meier analysis indicated improved event-free survival for TVI patients (6 years, 95% CI: 4.8-7.2 years vs 8 years, 95% CI: 6.7-9.3 years for TVN, P ¼ 0.030). There was a trend towards increased TR at follow-up in patients with valve repair alone vs annuloplasty (P ¼ 0.15). TV surgery was performed more often in higher-risk patients. Matched case-control analyses showed TVI was associated with improved midterm outcomes. Our data suggest that annuloplasty was preferable to TV repair alone.
INTRODUCTION
The decision to repair moderate-to-severe tricuspid regurgitation (TR) during reoperative left-sided heart valve surgery remains controversial. The safety, functional outcomes, and survival benefits of tricuspid valve (TV) intervention (TVI) in patients with severe TR undergoing primary left-sided valve surgery for has been well established. [1] [2] [3] [4] [5] However, the relative surgical risks vs survival benefit of TVI for patients with less severe TR, during reoperative left-sided procedures has not been determined.
The recent 2014 American Heart Association-American College of Cardiology (ACC-AHA) guidelines for patients with valvular heart disease do not explicitly address this question. 6 Over time, mild-to-moderate TR that is left uncorrected at the time of left-sided valve surgery progresses in severity for approximately 25% of patients, which results in reduced long-term functional outcomes and survival. 2, 5, 6 Once TR has become severe and right heart failure sets in, reoperation on the TV after left-sided valve surgery carries an operative mortality of between 10% and 30%. [6] [7] [8] Isolated reoperative TVI after previous left-sided valve surgery is known to entail significant surgical risk, 9 but less is known about concomitant TVI in the setting of reoperative left-sided valve surgery. The current study examined in-hospital and midterm outcomes in a series of reoperative patients undergoing left-sided valve surgery, who had moderate (3þ) or moderate-to-severe (3.5þ) TR. We predicted that TVI would improve long-term outcomes without adding substantially to the perioperative morbidity and mortality.
METHODS

Patients
With permission from our Institutional Review Board (with waived consent), we retrospectively reviewed patients undergoing reoperative left-sided valve surgery who had moderate (3þ) or moderateto-severe (3.5þ) TV regurgitation. Patients undergoing concomitant coronary artery bypass grafting (CABG) were included. Patients with less than moderate (o3þ) or severe (4þ) TR were excluded from study; 200 patients meeting study criteria were operated on between January 2002 and April 2014. Of them, 75 patients underwent concomitant TVI and 125 had no tricuspid intervention (TVN).
Patient characteristics, laboratory values, and operative and in-hospital outcomes were extracted from hospital electronic medical records, and coded to STS Adult Cardiac Surgery Database version 2.52 specifications, unless otherwise indicated. Follow-up data were obtained by review of cardiology notes and echocardiographic imaging. The preoperative and postoperative echo for each subject were recorded. Only echocardiograms at least 60 days postsurgery were used and the mean time to follow-up echo was 4.5 years (Ϯ3.2). Follow-up echocardiograms were available for 170 of 200 patients (85%); for patients with multiple studies, either the first echo with abnormal findings or the most recent echo if there were only normal findings was used. Long-term survival data were obtained from routine institutional follow-up protocols from our internal research data repository, our state's Department of Public Health, or query of the Social Security Death Index or both.
Surgical Technique
All reoperative cardiac surgery procedures start with evaluating preoperative chest x-rays and computed tomography scans of the chest, with and without contrast. Assessments are made of the (right ventricle's) RV's proximity, aorta, innominate vein, as well as any previous CABG or sternotomies. Our preoperative technique has evolved; in the early part of this series, femoral cannulation and cardiopulmonary bypass (CPB) was initiated before the resternotomy. We currently use micropuncture placement of the femoral vein and artery access, then initiate the resternotomy without CPB support. After the heart has been freed from any adhesions, aorta and bicaval cannulation are performed and leftsided valve surgery is performed on a stilled heart. Once the left-sided procedure is completed, the right atrium is opened and the TV assessed. Antegrade cardioplegia was used in 50 patients (25%), retrograde cardioplegia only was used for 6 (3%), both were used for 115 (58%), and no cardioplegia was used for 35 patients (19%).
For the 35 patients who had TV repair without placement of an annuloplasty ring, the repair was done with either the De-Vega procedure or suture bicuspidization of the TV (Fig. 1) . Patients with intact leaflets but dilated annulus (n ¼ 29) underwent isolated ring annuloplasty with an MC3 annuloplasty ring. Close attention was paid to annuloplasty ring suture placement to avoid the conduction system of the heart. In 8 patients, 
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Statistics
Categorical variables are presented as percent and number (N) and compared using Fisher Exact test; long-term follow-up was compared to baseline using McNemar test for repeated measures. Continuous variables are presented as mean Ϯ standard deviation; follow-up data was compared to baseline using repeated measures t-test. Non-normally distributed continuous variables are presented as median (mdn) and interquartile range. Kaplan-Meier analyses were used to evaluate long-term outcomes. Follow-up time was calculated in years between the date of surgery and the date of the follow-up echo, and survival time in years from the date of surgery until date of death or the study end (September 30, 2014). All analyses were conducted using IBM SPSS Statistics version 22.0 (IBM Corporation, Armonk, NY) and P r 0.05 was the criterion for significance.
The matched group analyses were conducted using propensity-matched cases (TVI) and controls (TVN). Propensity scores were generated using logistic regression analyses; potential predictors were selected based on differences between the 2 patient groups (Table 1) and clinical judgment. A forwardstepwise regression analysis was conducted, including examinations for interaction effects. An interaction variable between the surgeon and the year of surgery was also included to control for variability in case mix and surgical practice over time. Any variable with a P r 0.15 was entered into an enter-method logistic regression. The resulting adjusted predicted probability for each patient was then used to select matched groups based on probability scores of o0.01 (a priori algorithm). This final model was moderately robust (area under the curve ¼ 0.733, 95% CI: 0.663-0.803; P o 0.001) and contained age (in years), preoperative renal function (categorical-normal, renal insufficiency, and renal failure with dialysis) and presence or absence of planned concomitant mitral valve procedure. Overall 60 TVI cases (80% retention) were matched 1:1 to TVN controls. (Ϯ13.7) years, and 93 (47%) were women. Overall, 149 (74%) had congestive heart failure, 147 were in New York Heart Association (NYHA) (46%) class 3 or 4, and 26 (13%) had preoperative renal insufficiency. There was 1 patient with tricuspid structural valve degeneration, whereas the remaining had functional annular dilatation of the TR. Operative mortality for these patients was 8.5% (17), median followup was 4.4 years (interquartile range ¼ 2.4-6.5) and total follow-up time was 847 person-years. At baseline, TVI patients were younger, with significantly fewer octogenarians. They were more likely to have renal insufficiency (23% vs 7%, P ¼ 0.002) than TVN patients, as well as having significantly more preoperative intra-aortic balloon pump requirement (7% vs 3%, P ¼ 0.007) and cardiogenic shock (8.4% vs 0.0, P r 0.001). TVI patients were more likely to undergo mitral valve surgery than TVN (60 of 75 vs 69 of 125, P o 0.001). Operative mortality was 5 of 75 (7%) for TVI patients vs 12 of 125 (10%) for TVN (P ¼ 0.60).
RESULTS
PROPENSITY-MATCHED ANALYSIS
Given the substantial differences in baseline characteristics, we sought to create a case-control analysis using propensity-matched cases. Variables that significantly differed between the surgical groups were entered into a forward-stepwise logistic regression model. An interaction term between surgeon and year of surgery was included to control for differences in patient population and evolving techniques over time. The final predictive model used for propensity matching included age (in years), preoperative renal function (categorical-normal, renal insufficiency, and renal failure with dialysis), and presence or absence of planned concomitant mitral valve procedure. Variables tested found not to be predictive included (categorical) type of previous procedure, concomitant CABG, NYHA class, preoperative RV function, and cardiogenic shock. Pairs were matched 1:1 with a caliper of 0.01. Table 2 reveals the characteristics of the propensity-matched cohorts. The TVI and TVN groups were well balanced with respect to age, gender mix, comorbidities and preoperative acuity. Table 3 shows the change in standardized differences between TVI and TVN groups before matching and after matching. Subsequent analyses were performed on the matched cohorts. Figure 2 shows the distribution of surgical procedures over time during the study. Table 4 shows the operative and hospital outcomes for the matched cohorts. The TVN group had significantly more patients undergoing concomitant 
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Seminars in Thoracic and Cardiovascular Surgery Volume 28, Number 1 CABG (17 vs 3, P ¼ 0.001), but otherwise concomitant operations were similar. Perfusion times (202 min vs 168 min) and crossclamp times (124 min vs 100 min) were longer in the TVI group than in the TVN group (P r 0.001 for both). Postoperatively, the 2 groups experienced similar rates of reoperations for bleeding, cerebrovascular accident, new onset atrial fibrillation, permanent pacemaker requirement, and new renal insufficiency. Operative mortality was 6 of 60 for TVN and 2 of 60 for TVI; this difference did not reach statistical significance (P ¼ 0.27). Among patients with concomitant CABG, mortality was 2 of 17 for TVN and 1 of 3 for TVI (P ¼ 0.40).
The median time to postoperative echo was 4.0 years for TVN and 4.2 years in TVI patients (P ¼ 0.49) ( Table 5 ). Only 1 patient in each group required subsequent TV reoperation, and the prevalence of RV dysfunction was similar between groups. However, 20 of 60 TVN patients had moderate or worse TR at follow-up, compared to 9 of 60 for TVI patients (P ¼ 0.045). Among the 8 cases of RV dysfunction at follow-up in the TVN group, 7 were in patients who did not have RV dysfunction preoperatively, whereas the remaining patient had unchanged RV function. For TVI patients, of the 9 with RV dysfunction at followup, only 3 were in patients without preoperative RV dysfunction. Of the remaining 6 cases, 4 had improved RV from baseline and 2 were unchanged. Due to the small numbers, we could not make meaningful statistical comparisons between groups. A subgroup analysis of TVN patients revealed that 3 of 33 patients undergoing annuloplasty had TR at follow-up, vs 6 of 27 patients undergoing TV repair alone, but this trend did not reach statistical significance (P ¼ 0.15).
There was a trend toward better survival in the TVI group (Fig. 3) ; median postoperative survival was 7.9 years for TVN patients vs 10 years for TVI (P ¼ 0.082). Only 1 patient in the TVN and 1 in the TVI group had a subsequent reintervention on the TV during the study observation time. Postoperative survival without reoperation or moderate or severe TR; median time was 7.6 years for TV1 patients vs 5.3 years for TVN patients (P ¼ 0.030).
DISCUSSION
TV procedures and indications have evolved over the last decade. 10, 11 Better understanding of TV pathophysiology and more aggressive surgical management of TR during concomitant mitral valve procedure has become common, and yield better long-term results. 12 The consensus is that severe TR should be addressed, but a solid evidence base regarding reoperative patients with 3þ TR is still lacking, particularly for those undergoing left-sided valve procedures.
This current study addresses moderate (3þ) and moderate-to-severe (3.5þ) TR during reoperative left-sided valve surgery. Patients with and without TVI were matched for preoperative characteristics to reduce the biases accrued in the selection of patients who received intervention compared to those who did not. Patients undergoing TVI were significantly younger but with more acute cardiac presentation at the time of surgery than those who did not undergo intervention. Our outcomes of interest included perioperative morbidity and mortality, along with midterm echocardiographic and survival outcomes.
Aside from the increased bypass and crossclamp times required for the TV procedure, the matched cohorts were substantially similar in terms of postoperative complications. Operative mortality in TVI patients was only 3% (n ¼ 2), compared to 10% (n ¼ 6) for the matched TVN cohort, although this difference did not reach statistical significance due to the cohort size.
On follow-up, the groups had similar proportions of patients in NYHA class III-IV, as has been reported elsewhere. 7, 13 Significantly more TVN patients were in moderate or severe TR (P = 0.045), which is similar to findings reported by Chan et al. 13 Although our numbers were small, examination of our follow-up data indicates that in these TVN patients with persistent TR, 7 patients developed RV dysfunction not present at baseline, compared to 3 TVI group. Although we were underpowered to meaningfully evaluate this finding statistically, it does suggest the presence of likely ongoing hemodynamic burden of TR is adversely affecting RV function. There was a trend towards better survival in TVI patients, and significantly better event-free survival over 10 years (P ¼ 0.030).
Our series echoes the findings of Navia et al, 14 who reported that use of annuloplasty rings was associated with better long-term survival. Our permanent pacemaker implantation rate in TVN patients was similar to the rate they reported (7%), but the rate in the TVI group was substantially lower at 2%, though the current study was underpowered to test this magnitude of difference. The current study is subject to the limitations of a retrospective observational design and represents the findings of a single center. The findings reported herein may not be generalizable to other populations. Further, we cannot rule out that the evolution 
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Seminars in Thoracic and Cardiovascular Surgery Volume 28, Number 1 of surgical practice over time has affected our observations, although our temporal analyses do not indicate a time-dependent bias in our distribution of procedures. Although we used propensity matching techniques to address selection bias inherent in our group assignments, it is possible that unmeasured sources of bias have affected our results. Our sample size was only adequately powered to detect absolute differences in outcome rates Z25%; larger studies or meta-analyses would be needed to discern whether trends noted here hold with further observation. We lacked the detailed echocardiographic data upon follow-up that would have allowed better modeling of longitudinal outcomes; using the time that disease (TR) is detected likely overestimates time to disease recurrence, and we cannot necessarily differentiate persistent disease from recurrence. Nevertheless, the current study adds heretofore missing data on a population unlikely to be the subject of any randomized controlled surgical trial. In this series of reoperative left-side valve surgery, TVI was more often used for patients with higher operative risk, yielding results similar to TVN. In our matched group, operative mortality did not differ between groups. However, a risk-adjusted comparison revealed that TVI was associated with improved midterm outcomes. Although the postoperative rates of RV dysfunction were similar between groups, there were more cases of new RV dysfunction in the TVN group (7) compared to the TVI group (3). Our data also suggests that tricuspid ring annuloplasty yields better results than TV suture repair alone. Taken together, our findings indicate that the benefits of TVI in reoperative patients with leftsided heart disease may outweigh the risks incurred by increased operative complexity and prolongation of CPB time. 
